A new bidentate NO type Schiff base ligand (HL), derived from 2-hydroxy-4-methoxyphenyl)phenylmethanone with aniline and its metal(II) [M = Mn, Co, Ni, Cu and Zn] complexes has been synthesized. The synthesized ligand and the metal(II) complexes were structurally characterized by analytical, spectral (FT-IR, UV-vis., 1 H NMR, FAB-Mass, TGA/DTA and EPR) as well as molar conductance and magnetic studies. All the complexes are non-electrolytes having 1:2 stoichiometry. They adopt tetrahedral and octahedral geometry. Thermal behavior of metal(II) complexes (1a-1c) shows loss of coordinated water molecules in the first step followed by the decomposition of ligand moieties in a respective manner and leads to form an air stable metal oxide as the final residue. Micro crystalline nature and the presence of coordinated water molecules have been confirmed by powder XRD, SEM and thermal analyses. The ligand and its complexes have efficient bio-efficacy, DNA binding and cleavage ability.
Introduction
Recently in the treatment of cancer with a chemotherapeutic approach DNA is the target molecule. Cisplatin and its derivatives are widely used as anticancer drugs but they create several side effects such as anemia, diarrhea, alopecia, petechia, fatigue nephrotoxicity, emetogenesis, ototoxicity, and neurotoxicity. As a result, bioinorganic chemists are focussing their attention on the design and synthesis of novel dynamic metal complexes from bioactive ligands. The Schiff base ligands are derived by the condensation of aldehyde/ketone with a primary amine, which play a pivotal role in human Abbreviations: CT-DNA, calf thymus deoxyribonucleic acid; DPPH, 2,2-diphenyl-1-(2,4,6-trinitrophenyl)hydrazyl; EB, ethidium bromide; EDS, energy dispersive spectrometry; K b , intrinsic binding constant; pUC-19 DNA, plasmid University of California 19 deoxyribonucleic acid; SEM, scanning electron microscopy; TGA, thermogravimetric analysis.
welfare and these are the essential ligands in modern coordination and medicinal chemistry [15, 34] . The azomethine (AHC‚NA) linkage present in Schiff base ligand(s) and its metal(II) complexes show a wide range of biocidal activities such as antibacterial [33, 36] , antifungal [31, 35] , herbicidal, anti-inflammatory [21] , anticancer, anti-diabetic [25] and antitumor [27] activities. Benzophenone derivatives are very important compounds due to their various biological and physicochemical properties such as electrochemical, spectroscopic, metal complexation, adsorptive and crystallographic properties [2, 12, 17] among others. The most important biological property of benzophenone derivatives is their ability to absorb a broad range of UV radiation ($200 to 350 nm). Due to this property, the benzophenone derivatives like 2-hydroxy-4-methoxybenzophenone and 2-hydroxy-4-methoxy-4 0 -methoxybenzophenone were used as raw materials in the manufacture of sunscreen creams [4] . These creams are helpful to avoid photosensitization, phototoxicity or allergic reactions of patients with various medicinal treatments [18] . This fact tempted us to synthesize a benzophenone derivative. Hence, herein, we report the synthesis and characterization of a Schiff base ligand (HL = 5-methoxy-2-(phenyl(phenylimino)-methyl)phenol) which is derived from the condensation of 2-hydroxy-4-methoxybenzophenone with aniline and its metal(II) complexes (1a-1e) [M = Mn(II), Co(II), Ni(II), Cu(II) and Zn(II)]. The synthesized ligand and its Schiff base metal(II) complexes were characterized with the help of various spectral (IR, UV-vis., 1 H NMR, EPR, FAB-MS, powder XRD and SEM analysis) studies. DNA cleavage ability of the synthesized complexes has been explored by gel electrophoresis method under oxidative (H 2 O 2 ) condition. Moreover, we have accounted the biological activities against few pathogenic bacterial and fungal strains.
Experimental
All reagents and chemicals were purchased from extra pure Sigma products and used as such. Standard methods [30] were used to purify the solvents. pUC-19 DNA was purchased from Genei, Bangalore (India). Agarose and ethidium bromide were obtained from Sigma (USA). Tris-HCl [(hydroxymethyl) aminomethane-HCl] buffer solution was prepared using deionized and triple distilled water using a quartz water distillation setup.
Physical measurements
Open capillary method was used to determine the melting points of all the synthesized ligands and its metal complexes and are uncorrected. Microanalysis of free Schiff base and its metal complexes was performed by a CHN analyzer Carlo Erba 1108, Heraeus. Elico conductivity bridge (Model No. CM 180) was used to measure the molar conductance of synthesized complexes in 10 À3 M solution using DMSO as solvent. Perkin-Elmer 783 FTIR spectrophotometer was used to record the IR spectra of the ligand and its complexes in the range of 400-4000 cm À1 . Magnetic susceptibility measurement on powder samples were carried out by the Gouy balance method [10] . The electronic absorption spectra of the ligand and its complexes were recorded in the range of 200-1100 nm using a Shimadzu UV-1601 spectrophotometer. Proton NMR spectra of the free ligand and its zinc(II) complex in DMSO-d 6 were recorded in a Bruker Advance DRX 300 FTNMR spectrometer using tetramethylsilane as internal standard. VGZAB-HS spectrometer was used to record the FAB-mass spectra of the ligand and its complexes using 3-nitrobenzylalcohol as matrix. EPR spectrum of copper(II) complex in DMSO was recorded in both RT and LNT from VARIAN E-112 ESR spectrometer using DPPH as internal standard. Perkin Elmer (TGS-2 model) thermal analyzer in dynamic N 2 atmosphere (flow rate 20 mL/ min) with a heating rate of 10°C/min was used for thermal analysis. X-ray diffraction (XRD) patterns were recorded with a Bruker AXS D8 Advance powder X-ray diffractometer (X-ray source: Cu, wavelength 1.5406 Å ). Si(Li)PSD was used as detector. Scanning electron micrography with energy dispersive spectrometry associated (SEM/EDS) was used for morphological evaluation. Oxidative DNA cleavage activities were monitored by agarose gel electrophoresis method.
Synthesis of Schiff base ligand (HL)
Equimol (10 mmol) quantity of 2-hydroxy-4-methoxybenzophenone and aniline was dissolved in 20 mL of ethanol and the solution was refluxed for 4 h under constant stirring. This condensation reaction was carried out by using acid catalyst (few drops of HCl). The formed water was removed from the reaction mixture using sodium sulfate (dehydrating agent). After completion of the reaction, the mixture was reduced to half of its original volume using a water bath and kept aside at room temperature. Yellow crystals of 5-methoxy-2-(phenyl (phenylimino)methyl)phenol (Scheme 1) were obtained from slow evaporation (Yield : 87%).
Synthesis of Schiff base metal(II) complexes (1a-1e)
Schiff base metal(II) complexes (1a-1e) were synthesized from Schiff base (10 mmol/10 mL ethanol) with corresponding metal(II) salts (5 mmol/10 mL ethanol) in a 2:1 ratio and refluxed for 5-6 h (Scheme 2). The resulting solution was reduced to half by a water bath and kept aside. On standing, the obtained solid products were filtered by vacuum filtration, washed several times with water, ethanol, diethyl ether and finally dried in vacuo over anhydrous CaCl 2 (Yield: 60-70%).
Pharmacological studies

Biological activity
In vitro biological activities of Schiff base ligand and its metal(II) complexes in DMSO medium were screened against few bacterial and fungal strains using agar as the medium by a well diffusion method [28] . All the experiments were made in three replicates for each compound and the detailed procedure for measuring the zone of inhibition as described in our earlier work [32, 35] . The obtained zone of inhibition (in mm) of the Schiff base metal(II) complexes was compared with commercially available controls.
Antioxidant activity
The synthesised Schiff base ligand (HL) and its metal(II) complexes (1a-1e) have been screened for their in vitro antioxidant activities by DPPH free radical scavenging model according to the method of Blois [3] at 37°C. 500 lM stock solutions of the ligand and its complexes in ethanol (25 mL) were prepared. From the stock solution, different (10, 20, 30, 40 and 50 lM) concentrations of Schiff base ligand and the title complexes were prepared by serial dilutions. 1 mL of each complex solution having different concentrations was taken in different test tubes and 4 mL of a 0.1 mmol ethanolic DPPH solution was added and shaken vigorously for about 2-3 min, then incubated in a dark room for 30 min at room temperature. A blank DPPH solution was used for the baseline correction because the odd electron in the DPPH gave a strong absorption maximum at 517 nm (by using a Shimadzu UV-1601 spectrophotometer). After incubation, the absorbance values of each solution were measured at 517 nm and there was a change (decrease) in the absorbance values indicating that the complexes showed moderate free radical scavenging activity. Ascorbic acid (AA) was used as the reference or positive control and the percentage of the free radical scavenging activ-
was calculated and the results were compared with standard control.
Nucleases studies
Binding studies
The interaction between metal complexes and DNA was studied using electronic absorption and fluorescence techniques.
2.5.1.1. Electronic absorption study. The concentration of CT DNA was determined from its UV absorbance at 260 nm (e = 6600 M À1 cm À1 ). Absence of any protein contamination with CT DNA was confirmed from the absorption ratio at 260 and 280 nm which was found to be 1.87 [24] and the stock solutions were kept at 4°C. To prepare buffer and other solutions redistilled water free from CO 2 was used. The electronic absorption spectra of synthesized complexes were recorded in the presence and absence of CT-DNA in 0.5% DMSO medium. These titrations were performed to keep the concentration of the complexes constant and by varying the DNA concentration (0-50 lM). Binding experiments were done in 0.5 % DMSO solution using Tris-HCl/NaCl buffer (5 mM Tris-HCl, 5 mM NaCl, pH = 7.2). Absorption spectra were recorded after successive addition of CT-DNA to the complex solution. The intrinsic binding constant (K b ) was calculated according to the following equation [38] ½DNA
where e f , e b and e a are the molar extinction coefficients of the free complex in solution, complex in the completely bound form with CT-DNA and complex bound to DNA at a definite concentration respectively. In the plot of [DNA]/(e a À e f ) vs.
[DNA], K b was calculated.
Fluorescence study.
Fluorescence spectra were recorded at room temperature with excitation at 520 nm and emission at 1600 nm. Fluorescence spectra of the complexes were recorded before and after the addition of DNA in the presence of 5 mM Tris-HCl/50 mM NaCl buffer. A fixed concentration value of the complex (10 À3 M) was titrated with increasing amounts of DNA [39] over the range of 20-100 lM and 1.0 · 10 -5 M ethidium bromide (EB).
2.6. DNA cleavage study pUC-19 DNA at pH 7.5 in Tris-HCl buffered solution was used to perform the gel electrophoresis technique. Oxidative cleavage of DNA was examined keeping the concentration of the complexes as 30 lM and 2 lL of pUC-19 DNA was added and the volume was made up to 16 lL using 5 mM of Tris-HCl/5 mM NaCl buffer solution. The resulting solution was incubated at 37°C for 2 h after the addition of DNA. 2 lL of 25 % bromophenol blue was added to quench the reaction. Samples were electrophoresed for 2 h at 50 V in Tris-acetate-EDTA (TAE) buffer using 1% agarose gel containing 1.0 lg/mL ethidium bromide (EB) and photographed under UV light. 
Results and discussion
Micro analysis and molar conductance
All the synthesized complexes are quite air stable, nonhygroscopic and insoluble in water but readily soluble in DMF and DMSO. Micro analytical data, molar conductance and magnetic moment values are described in Table 1 . From the analytical and molar conductance data, the complexes have a 1:2 stoichiometry (metal:Schiff base ligand) and are nonelectrolytic in nature [13] . No characteristic precipitate was formed during the addition of AgNO 3 in HNO 3 which confirms the absence of the chloride ion in complexes.
Infrared spectra
To determine the way of chelation of Schiff base ligand to metal(II) ion, the IR spectrum of free Schiff base ligand is compared with IR spectra of its metal(II) complexes. The complexes (1a-1e) show a significant change of mC‚N (azomethine) band which is shifted from higher (1602 cm À1 ) to lower (1585-1578 cm À1 ) frequencies and also the phenolic mOH band is shifted from 1250 to 1265-1275 cm À1 . These shiftings indicate that the Schiff base ligand coordinates to the metal(II) atom via azomethine-N and deprotonated phenolic-O atoms [1, 26] . It is further confirmed by the formation of two new bands in far infrared regions around 425-500 and 570-585 cm À1 which correspond to m(M-O) and m(M-N) chelation modes [1, 11, 26] and these peaks are absent in the free ligand. All the complexes (except Cu(II) and Zn(II) complexes)
show a broad band around 3300-3500 cm À1 and two weaker bands in the region 820-850 and 707-722 cm À1 due to mOH rocking and wagging mode of vibrations respectively [1, 11, 26] which suggest the presence of coordinated water (OH 2 ) molecules in metal(II) complexes (1a-1c).
Electronic absorption spectra
The electronic absorption spectra of free Schiff base ligand (HL) and its metal(II) complexes were recorded in DMSO solution (10 À3 M) in the range 200-1100 nm at room temperature ( Table 2 ). Schiff base ligand shows three bands at 40,825, 34,400 and 29,375 cm À1 corresponding to p fi p * transition of aromatic benzene moiety and n fi p * transition of azomethine C‚N band influence [8, 22] . Mn(II) complex shows a broad band centered at 16,460 cm À1 which corresponds to 6 A 1g fi 4 T 1g (4G) transition and its magnetic moment value (5.8 BM) is very close to the theoretically calculated (6.0 BM) value. This indicates an octahedral environment around the Mn(II) ion [8] . Co(II) complex exhibits three bands at 9735, 13,310 and 19,640 cm À1 which corresponds to 4 T 1g (F) fi 4 T 2g (F), 4 T 1g (F) fi 4 A 2g (F) and 4 T 1g (F) fi 4 T 1g (P) respectively and the observed magnetic moment value (4.86 BM) indicates that it has an octahedral environment. The nickel(II) complex shows four bands at 10,243, 15,925, 24,563 and 29,870 cm À1 which are assigned to 4 4 T 1g (F) fi 4 T 1g (P) and L fi M charge transfer respectively and the observed magnetic moment (3.17 BM) which confirms the octahedral geometry [22] . Copper(II) complex shows two bands, one at 26,255 cm À1 corresponds to the LMCT band and another, the broad band, centered at 11,390 cm À1 is due to d-d electronic transition. These bands confirm its distorted tetrahedral geometry. The observed magnetic moment (1.94 BM) supports its monomeric nature and geometry of the complex. Zn(II) complex shows only one broad band centered at 26,293 cm À1 in the UV region which is due to L fi M charge transfer. From its analytical and spectral data, by analogy a tetrahedral geometry is also assigned to the Zn(II) complex [22] .
1 H NMR spectra
The proton NMR spectrum of the Schiff base ligand shows a singlet peak at 12.1 ppm which corresponds to the phenolic-OH group which is absent in the spectrum of Zn(II) complex (1e) (Fig. 1 ). This indicates that the deprotonated phenolic-O atom is involved in chelation. Both the ligand and Zn(II) complex show a group of multiplet (6.5-7.7 ppm) and singlet (3.8 ppm) peaks due to aromatic protons and the methoxy group respectively. The absence of a peak in the region 4.69-4.82 ppm reveals the absence of coordinated water molecules in the complex.
Mass spectra
Fast atomic bombardment mass spectra (FAB-MS) of the synthesized ligand and its metal(II) complexes was recorded and the obtained molecular ion (m/z) peaks confirm the proposed formulae and geometry. [35] . This fragmentation pattern confirmed the proposed structure of the ligand (HL). Ni(II) complex (1c) exhibits (m/z) a peak at 701 with [M+2] pattern which reinforces the data obtained by microanalysis.
EPR spectral study
EPR spectra of Cu(II) complex (1d) was recorded in DMSO at RT and LNT. At LNT, the complex shows a four well resolved hyperfine spectrum and no features characteristic for a dinuclear complex. g-tensor value follows the order as: g || (2.23) > g^(2.02) > g e (2.0023) which reveals that the unpaired electron is predominantly localized in d x 2 Ày 2 orbital with 3d 9 configuration. Cu-Cu interactions are ruled out due to the absence of any signal in the half field region [7, 16] which is further supported by the observed G (3.59) value and also the exchange of interaction is misaligned. The calculated empirical ratio (g || /A || = 171 cm) value confirms the distorted tetrahedral environment.
Thermal analysis
Thermogravimetric (TGA/DTA) spectra of Ni(II) and Cu(II) complexes (1c and 1d) were recorded in the temperature ranging from room temperature to 900°C. Thermogram of complex (1c) (Fig. 2) shows three stages of weight loss whereas Cu(II) complex (1d) shows only two stages of weight loss. By comparison, the Ni(II) complex shows an initial weight loss at 110-180°C which corresponds to the coordinated water molecules [9] whereas Cu(II) complex shows no weight loss at this temperature range confirming the absence of these coordinated water molecules. Both the complexes show a weight loss (36-40%) around 350-415°C corresponding to continuous sublimation of organic ligand moieties and the formation of an air stable metal oxide as the end product in the range of 600-810°C. The results well agreed with the composition of the metal complexes.
XRD and SEM analysis
Powder X-ray diffractograms of free Schiff base ligand and Ni(II) complex show sharp peaks which indicate their crystalline nature. On comparing the X-ray diffractogram of free Schiff base ligand (HL) with its Ni(II) complex (1c) (Fig. 3) , the Ni(II) complex shows few new peaks which suggest the formation of metal chelates. Using Scherre's equation [6, 14] (D = 0.9 k/b cosh) the crystal size for Ni(II) complex is 38 nm. The SEM pictograph of Ni(II) and Mn(II) complexes (Fig. 4) show a homogeneous matrix with an ideal shape of uniform phase material. A bundle of irregularly broken straw like shape is observed in the Mn(II) complex with the particle size of $12 lm. Particle size of 10 lm with broken ice piece like shape is observed in the Ni(II) complex. Based on the above analytical and spectral studies, it is confirmed that the synthesized Schiff base Mn(II), Co(II) and Ni(II) complexes (1a-1c) have octahedral geometry whereas the Cu(II) and Zn(II) complexes have tetrahedral geometry and the structures of the complexes are given in Fig. 5 .
In vitro biological studies
In vitro antimicrobial activity of the ligand (HL) and its metal complexes were screened against few bacterial (Escherichia coli, Staphylococcus saphyphiticus, Staphylococcus aureus, Pseudomonas aeruginosa) and fungal strains (Aspergillus niger, Enterobacter species, Candida albicans) by a well diffusion method using agar as nutrient. Measurement of zone of inhibition against the growth of bacteria and fungi for the ligand (HL) and its metal complexes is shown in Fig. 6 . All the complexes show a considerable significant activity at higher concentration (50 lg) against micro organisms (Table 3) . With the help of Overtones concept and the Tweedy's chelation theory [5, 37] , Cu(II) complex shows a remarkable antimicrobial activity than the other complexes and free ligand (HL) and they follow the order as: Control > (1d) > (1c) > (1b) > (1e) > (1a) > HL. The higher activity of the Cu(II) complex may be due to the greater electronegativity and lower atomic radius. Moreover, the metal(II) complexes inhibit the growth of micro organisms following any one of the paths by (i) disturbing the respiration process and (ii) blocking the synthesis of proteins.
Antioxidant activity
In vitro antioxidant activities of the synthesised Schiff base ligand (HL) and its metal(II) complexes (1a-1e) were tested by DPPH free radical scavenging methods and ascorbic acid was used as the reference or positive control. All the analyses were done in three replicates and their representative graph is shown in Fig. 7 . Reduction capability of free radical (DPPH) is determined by the decrease in its absorbance value at 517 nm (blank) which can be induced by antioxidant. From the results, it is seen that the Schiff base metal(II) complexes have higher activities than the free Schiff base ligand (HL) due to the presence of the metal(II) moieties in the complexes.
3.11. DNA binding studies
Absorption and viscosity studies
Electronic absorption spectroscopy is a significant method to examine the binding modes of the synthesized metal(II) complexes with CT-DNA. The binding of intercalative ligand to DNA has been well characterized classically through absorption titration, following the hypochromism and red shift associated with the binding of the colored complex to the helix, due to the intercalative mode involving a strong stacking interaction between an aromatic chromophore and the DNA base pairs. The magnitudes of the hypochromism and red shift are commonly found to depend on the strength of the intercalative interaction [29] . In the UV region, Cu(II) complex shows three bands at 225, 290 and 343 nm which can be attributed to Figure 7 In vitro antioxidant activities of Schiff base ligand (HL) and its metal(II) complexes by DPPH free radical scavenging assay method at different concentrations (10-50 lM). p fi p * transitions of the coordinated ligand. By varying the concentration of CT-DNA, the intensity of the peak decreases (hypochromism) and k max value is shifted toward the red region (bathochromism). These spectral results suggest that the Cu(II) complex interacts with DNA through stacking interaction between the aromatic chromophore and the base pair of DNA. The p * orbital of intercalated ligand couples with the p orbital of the base pair which leads to a decrease in the p fi p * transition energy resulting in the bathochromism. On the other hand, the coupling p orbital is partially filled by electrons, thus decreasing the transition probabilities and concomitantly resulting in hypochromism. The intrinsic binding constant (K b ) values of complexes were determined from the plot of [DNA] vs.
[DNA]/(e a À e f ) using the absorption at 343 nm [19] . The intrinsic binding constant (K b ) value for Cu(II) complex is 1.0 · 10 4 M -1 [20] . This value is lower than the standard ethidium bromide. It shows that the present complexes are optimum intercalators than the standard ethidium bromide [EB] whose binding constant is in the range 1.4 · 10 6 M À1 . To further confirm the interaction mode of the complexes with DNA, a viscosity study was carried out. As known, the viscosity of DNA is sensitive to changes occurring on the length of the DNA helix mainly upon interaction of DNA with a compound. In the case of classic intercalation such as ethidium bromide, the compound inserts in between the DNA base pairs leading to an increase in the separation of base pairs at intercalation sites in order to host the bound compound [23] and the length of the DNA helix and subsequently, the DNA viscosity will exhibit an increase, which is usually proportional to the strength of the interaction. On the other hand, in the existence of a partial and/or non-classic intercalation of a compound to DNA grooves, a bend or kink in the DNA helix should appear resulting in a slight reduction of its effective length with the DNA viscosity showing a slight decrease or remaining unchanged. It is found that the viscosity of the DNA solution is increased with increasing ratio of the complexes to DNA. As expected, the known DNA-intercalator EB increased the relative viscosity of DNA due to its strong intercalation. The ligand HL exhibits a pathetic intercalation as compared with EB. Moreover, the synthesized complexes exhibit a minor increase in the relative viscosity of CT-DNA, suggesting an intercalation mode between the complexes and DNA. This result further suggests an intercalating binding mode of the complexes with DNA and also parallels the above spectroscopic results, such as hypochromism and red shift of the complexes in the presence of DNA. Thus, the viscosity studies provide a strong evidence for intercalation.
Fluorescence studies
Fluorescence spectra are also used to study the interaction between the synthesized Schiff base metal(II) complexes with DNA by measuring the emission intensity of ethidium bromide (EB) bound to DNA. EB is weakly fluorescent and it can emit intense fluorescent light in the presence of DNA due to its intercalative binding to DNA. However, this enhanced fluorescence could be quenched or partially quenched by the addition of a second molecule that can replace the bound EB or break the secondary structure of DNA. So, EB can be used as a probe for the determination of DNA structure. In this study, the emission spectrum of EB bound to DNA in the absence and presence of Cu(II) complex (1d) was recorded (Fig. 8) .
The results show that the fluorescence intensity of DNA-EB decreases remarkably with the addition of the complex which indicate that the complex binds to DNA by intercalation or partial intercalation replacing EB from the DNA structure.
Oxidative DNA cleavage study
The cleavage efficiency of synthesized Schiff base metal(II) complexes with pUC-19 DNA has been examined by the gel electrophoresis method in the presence of oxidant (H 2 O 2 ). Control experiment using pUC-19 DNA alone does not show any significant cleavage even on longer exposure time. From the observed results, it is concluded that Ni(II) and Cu(II) complexes (1c and 1d) cleave the DNA significantly as compared to the other complexes as shown in Fig. 9 .
Figure 8
Fluorescence emission spectra of the CT-DNA-EB system (1.0 · 10 -5 mol L À1 EB, 1.0 · 10 À4 mol L À1 CT-DNA) in the absence ( ) of 1.0 · 10 À3 mol L À1 Cu(II) complex (20 lL per scan). 
Conclusion
The synthesized Schiff base ligand and its metal(II) complexes were characterized by microanalytical and various spectral studies. The observed molar conductance, magnetic susceptibility and spectral data confirm tetrahedral/octahedral environment around the M(II) ions. The presence of coordinated water molecules in all the complexes (except Cu(II) and Zn(II) complexes) has been further confirmed from thermal analysis. The powder X-ray diffraction pattern and SEM show sharp crystalline peaks with microcrystalline and homogeneous particle nature. In vitro antimicrobial activity of the Cu(II) complex reveals higher activity than the other complexes against different microorganisms. Cu(II) and Ni(II) complexes show moderate DNA binding and oxidative cleavage activities than the other complexes.
